Recent studies have shown that in addition to enterohemorrhagic and enteropathogenic Escherichia coli (EHEC and EPEC, respectively) and one biotype of Citrobacter freundii, Hafnia alvei may also possess the virulence-associated gene eaeA (EPEC attaching and effacing) (2, 6, 9, 13, 15) . In contrast to most H. alvei strains, which are generally not considered pathogens, the eaeA-positive H. alvei strains may be diarrheagenic. Although the role of the eaeA gene is not fully understood, the gene appears to be necessary, but not sufficient, for intimate adherence of the pathogen to epithelial cells and for formation of the characteristic attaching-effacing lesions in the intestinal brush border (9) . The eaeA gene is the only virulence-associated factor described so far for H. alvei. However, we have shown an epidemiological association of eaeA-negative H. alvei and diarrhea symptoms (13) , indicating that other mechanisms may also be involved in the association of H. alvei with diarrhea.
In addition to some case reports which implicate H. alvei as a new diarrheagenic pathogen (11, 12, 17) , more-specific evidence has been demonstrated. In an animal model, H. alvei strains isolated from diarrheic children in Bangladesh produced diarrhea and lesions typical of EPEC and gave positive reactions in the fluorescent actin staining test with HEp-2 cells (1, 2, 13) . These strains were shown, by DNA hybridization and PCR, to carry a gene homologous to the eaeA gene family (2, 13) . Recently, Frankel et al. demonstrated that the fusion protein encoded by the H. alvei eaeA gene attached to HEp-2 cells with an affinity equal to that of the proteins of EPEC and EHEC (6).
Differentiating eaeA-positive H. alvei strains other H. alvei strains is important, but it is not routinely done in clinical laboratories. eaeA-positive strains give typical reactions in standard biochemical tests used to identify members of the family Enterobacteriaceae, e.g., the API 20E commercial biochemical panel (1, 2, 13) , and are thus indistinguishable from other H. alvei strains. The aim of this study was to characterize diarrheacausing eaeA-positive H. alvei strains in comparison with eaeAnegative strains to find useful characteristics for the identification of H. alvei strains which cause diarrhea through the attaching-effacing mechanism. Useful biochemical reactions were sought by utilizing commercial biochemical identification systems not routinely used for the identification of members of the Enterobacteriaceae. Molecular methods, random amplified polymorphic DNA (RAPD)-PCR and partial sequencing of the 16S rRNA gene, were used to estimate the genetic diversity of H. alvei strains. VOL. 33, 1995 CHARACTERIZATION OF H. ALVEIPCR methods. Seventy-eight strains not previously tested for the eaeA gene were screened by PCR as described previously (13) .
MATERIALS AND METHODS
RAPD-PCR analysis of all 123 strains was performed basically as described by Williams et al. (18) , with factors affecting reproducibility carefully observed (10, 18) . T represent HG 1, and ATCC 29927 (DNA reference strain) represents HG 2. H. alvei KT1 was isolated from a septicemic patient. eaeA-positive H. alvei strains were isolated from various patients with diarrhea in Bangladesh over several years. The PCR products specific for the eaeA-positive strains are indicated (arrows). (B) eaeA-positive strains did not show any detectable homology with the 107 eaeA-negative H. alvei strains when three primers were used, as demonstrated here with primer E7. eaeA-negative H. alvei strains formed polymorphic RAPD profiles, but two profile types, resembling HG 1 and 2, dominated. Strains SD1, KT3, KT5, and SD12 are diarrheal isolates; strains KT1, KT2, HY1, HY2, and HY3 are from other clinical samples; and strains J8, J57, J138, J402, J403, J452, and J453 are from minced meat. Boehringer Mannheim marker VII was used as a molecular weight (MW) marker.
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and 2 E. coli strains were amplified by using primers pA-B (5Ј-biotin-AGAGTT TGATCCTGGCTCAG-3Ј) and pC* (5Ј-CCCACTGCTGCCTCCCGTAG-3Ј) (4), yielding a PCR product of 353 bp from the 5Ј end of the gene. Templates were prepared by the boiling method as described elsewhere (14) . The amplification was performed in a 100-l volume by using 10 l of boiled bacterial lysate as a template, 1 M primer, 1 U of Dynazyme DNA polymerase, and the buffer provided by the manufacturer with 33 cycles of 94ЊC for 30 s, 55ЊC for 30 s, and 72ЊC for 1 min 20 s. The amplified PCR product was sequenced by the solidphase method as described previously (8) . Sequencing reactions were done with the AutoRead kit (Pharmacia, Uppsala, Sweden), and the results were analyzed with an automated laser fluorescent DNA sequencer (Pharmacia). The alignment of the obtained sequences was done by using the PC-Gene program (Intelligenetics, Geneva, Switzerland). Nucleotide sequence accession numbers. Partial sequences of 16S rRNAs from EPEC strain E2348/69 and eaeA-positive H. alvei 10457 have been deposited in the EMBL data bank under accession no. Z47359 and Z47360, respectively.
RESULTS
In addition to the 6 Bangladeshi diarrheal H. alvei isolates previously shown to be eaeA positive (13), 10 new Bangladeshi diarrheal isolates generated a PCR product of the size predicted for the eaeA gene.
H. alvei strains possessing the eaeA gene had 2 unique biochemical reactions (assimilation of 2-ketogluconate and 3-hydroxybenzoate) and 11 other characteristic reactions among the 83 reactions tested; the remaining reactions did not differentiate between the eaeA-positive and -negative strains ( Table  1) . Some of the characteristic reactions were typical of E. coli, although many reactions in the three identification systems were against E. coli ( Table 1 ). The eaeA-negative strains isolated from different sources did not differ markedly from each other in their biochemical properties.
The API 20E species identification system classified all eaeA-positive strains as ''H. alvei2,'' with identifications of 91.9% for 2 strains and 70.1% for 14 arginine-positive strains. Extending the incubation time to 48 h did not have any effect on the biochemical reactions, nor did lowering of the incubation temperature to 30ЊC. The API rapid ID 32E system gave identifications of ''H. alvei'' of 83.4 to 98.3% for 12 strains and 49.6% for 4 strains. The next most common identification for all strains was Serratia marcescens. The API ID 32GN system identified 12 of the eaeA-positive strains as ''E. coli 2'' with identification of 98.6 to 99.3%; 2 strains as ''E. coli 2'' with an identification of 49.6%, though the next most common classification was ''H. alvei'' with an identification of 49.0%; and 2 strains as ''H. alvei'' with an identification of 76.2%. All 107 eaeA-negative H. alvei strains were identified as ''H. alvei'' by all three identification systems. With API 20E, 95 strains were named as ''H. alvei 1'' and 12 rhamnose-negative strains were named ''H. alvei 2''. Extending the incubation time to 48 h for the API ID 32GN system influenced the identification only once, when an unacceptable profile giving an identification of ''Shigella sp.'' was turned into an acceptable profile giving an identification of ''H. alvei. '' In RAPD-PCR analysis, the eaeA-positive strains produced nearly identical profiles which were different from those of the eaeA-negative strains (Fig. 1) . The majority of the eaeA-negative strains shared some homology with the representative(s) of either HG 1 or HG 2 (Fig. 1) .
The 353-bp fragments from the 5Ј end of the 16S rRNA genes of all 10 eaeA-positive H. alvei strains tested were identical and differed from the fragments from the five eaeA-negative H. alvei strains in 27 nucleotides, giving a homology of 92% (Fig. 2) . A search of the database demonstrated that the eaeA-positive H. alvei strains showed closest homology to E. coli, with a difference of 10 nucleotides (Fig. 2) . The best homology observed was with EPEC E2348/69, which was sequenced in this study and had only seven differing nucleotides (Fig. 2) Results with the molecular methods indicate that eaeA-positive H. alvei strains have little genetic diversity, in contrast to the other H. alvei strains. The present RAPD-PCR results are in accordance with the previous observation that H. alvei consists of at least two genospecies (16) . RAPD-PCR is very sensitive to genetic variation and suitable for characterizations within a species. However, RAPD-PCR is also sensitive to minor changes in the reaction conditions (18) , and great care is needed to achieve reproducible results. Although the taxonomy of H. alvei is beyond the scope of this article, the low level of homology (92%) between rRNA genes of the eaeA-positive and -negative strains and the identifications produced with the API ID 32GN system call into question the present taxonomic position of this organism. Studies including sequencing of the entire 16S rRNA genes and DNA-DNA hybridization are in progress to determine the taxonomic status of eaeA-positive H. alvei.
In conclusion, this study showed that the eaeA-positive H. alvei strains associated with diarrhea form a distinct and genetically homologous group which is identifiable by biochemical methods.
